physicians practicing medicine, specialty boards formalized voluntary specialtyspecific board certification. [1] [2] [3] As 1 of the 24 boards of the American Board of Medical Specialties, the American Board of Anesthesiology issues certificates to licensed physicians who successfully demonstrate competency through a written and oral examination. 4 Although certification is not a sine qua non for the practice of medicine, hospital privileges [5] [6] [7] and patients' choice of physician 8, 9 may depend on whether or not a physician holds board certification. Additionally, some evidence shows that patients expect their physicians to actively maintain board certification status. 10, 11 In a 1998 survey of its membership, the American Medical Association found that 87% of the responding 635,000 licensed physicians were board certified (BC). 12 The assumption that board certification directly, positively affects the quality of clinical care delivered by, and the practice patterns of, physicians is a topic of ongoing discussion in medical literature. 2, [13] [14] [15] [16] Studies have demonstrated that medical residents who receive positive evaluations from their program directors are likely to pass board certification exams. 17, 18 These studies validate board certification examinations as a metric of specialty knowledge. The correlation of board examination pass rates with clinical outcomes is, however, not firmly established. Sharp and colleagues 19 reviewed 33 articles published between 1966 and 1999 that addressed the relationship between board certification and clinical outcomes. Although board certification is reflected in several aspects of improved clinical care (e.g., decreased mortality and improved quality), 2, 13 Sharp and colleagues 19 reported that just over 50% of studies they reviewed demonstrated significantly improved outcomes for patients of physicians with board certification. The remainder of the studies showed no relationship. Importantly, Sharp and colleagues 19 did not identify any cases for which board certification was associated with poorer outcomes. The suggestion of improved outcomes for patients of BC physicians continues to motivate further investigation of the association between board certification and the quality of patient care. 16, 20 Related to this research, recently published studies have examined the role that participation in maintenance of certification (MOC) plays in clinical outcomes and practice patterns. [21] [22] [23] Participation in MOC may be important because physicians have a limited ability to self-assess their performance and knowledge gaps, 24 and as the number of years in practice increases, the quality of care physicians provide may decrease. 24, 25 Because a relative paucity of data on anesthetic administration as it relates to board certification is available, we sought to examine the association of board certification and anesthetic practice patterns for total knee arthroplasty (TKA), a common procedure that can
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Purpose
The presumption that board certification directly affects the quality of clinical care is a topic of ongoing discussion in medical literature. Recent studies have demonstrated disparities in patient outcomes associated with type of anesthesia provided for total knee arthroplasty (TKA); improved outcomes are associated with neuraxial (or regional) versus general anesthesia. Whether board-certified (BC) and non-boardcertified (nBC) anesthesiologists make different choices in the anesthetic they administer is unknown. The authors sought to study potential associations of board certification status with anesthesia practice patterns for TKA.
Method
The authors accessed records of anesthetics provided from 2010 to 2013 from the National Anesthesia Clinical Outcomes Registry database. They identified TKA cases using Clinical Classifications Software and Current Procedural Terminology codes. The authors divided practitioners into two groups: those who were BC and those who were nBC. For each of these groups, the authors compared the following: their patient populations, the hospitals in which they worked, the nature of their practices, and the anesthetics they administered to their patients.
Results
BC anesthesiologists provided care for 81.7% of 97,508 patients having TKA; 18.3% were treated by nBC anesthesiologists. BC anesthesiologists administered neuraxial/regional anesthesia more frequently than nBC anesthesiologists (41.4% versus 21.2%; P < .001).
Conclusions
The rates at which regional/neuraxial anesthesia were administered for TKA were relatively low, and there were significant differences in practice patterns of BC and nBC anesthesiologists providing care for patients undergoing TKA. More research is necessary to understand the causes of these disparities.
be performed after the administration of general, regional, or neuraxial (i.e., nerve block) anesthesia. The number of TKA surgeries performed each year has increased dramatically over the past 15 years; currently, over 700,000 TKA surgeries are performed annually. 26 Studies have suggested variability of patient outcomes based on the anesthetic received for the arthroplasty. Regional anesthetics offer several advantages over general anesthesia, and, as with many orthopedic surgeries, TKAs can be performed using regional anesthesia. 27 Recent analyses have demonstrated that patients who received either neuraxial or regional anesthesia as the primary anesthetic during TKA had better postoperative outcomes (i.e., decreased 30-day mortality, lower incidence of prolonged length of stay, and fewer in-hospital complications) than patients who received a general anesthetic for the same procedure. [28] [29] [30] [31] Additionally, research has demonstrated that patients receiving regional anesthesia report decreased postoperative pain, consume less morphine, and experience fewer opioidrelated adverse events. 32 We have previously described the variations in anesthetic technique for TKA using the National Anesthesia Clinical Outcomes Registry (NACOR) of the Anesthesia Quality Institute (AQI). 33 Significant factors associated with variation in anesthesia technique include patient age, American Society of Anesthesiologists (ASA) physical status, and physician board certification status. 33 However, the role of board certification status requires further investigation. Considering the findings of our previous study, 33 we have restricted the NACOR database to the appropriate study population to determine whether the frequency with which a particular anesthetic technique was used depended on the anesthesiologist's board certification status.
Using the Participant User File, a deidentified aggregation of all cases in NACOR, we intended to examine whether differences in anesthetic practice patterns exist between BC and non-board-certified (nBC) physicians. We hypothesized that practice patterns between BC and nBC physicians would vary significantly and that BC physicians would administer a regional or neuraxial anesthetic more frequently than their nBC counterparts. We did not attempt to assess differences in outcomes associated with board certification status in this study.
Method
Data source
After receiving approval for the study from the institutional review board of Weill Cornell Medical Center, we collected data for all TKAs performed between January 2010 and June 2013 that were entered into NACOR. No informed consent was required for these study activities. We queried the data on June 24, 2013, at which time the database contained information on a total of 10,065,800 medical records from over 100 heterogeneous sources. 34 All records were deidentified and contained information including patient demographics; billing details; and procedural, diagnostic, and provider-specific information.
Study sample
We identified records for primary TKAs using billing data through a code-based search process. We included cases if they contained either (1) a Clinical Classifications Software (CCS) label of "Arthroplasty Knee" or (2) a nonmissing CCS label and a Current Procedural Terminology (CPT) code for knee arthroplasty (27440, 27441, 27442, 27443, 27445, 27446, or 27447) . Cases with knee revision CPT codes of 27486 or 27487 were not included in this sample because these procedures, which are longer, generally performed on older patients, and often performed in a small subset of more specialized hospitals, may have skewed the results of this study.
We further restricted the data by excluding records for procedures performed under the direction of someone other than an anesthesiologist (e.g., cases either managed by a certified registered nurse anesthetist [CRNA] or reported as not having any anesthesia provider present). We also excluded cases if they were missing the following information: practice certification status, board certification status, patient age, facility type or location, and duration of anesthesia. Additionally, we excluded cases if an anesthesia technique other than general, neuraxial, or regional was usedthat is, we excluded cases using multiple anesthesia types, monitored anesthesia care, sedation, local anesthetic, or other.
Demographic, provider, and facility variables
We compared patient demographic information, procedure, and facility characteristics by the certification status of the anesthesiologist providing care. General patient demographics included age, gender, and ASA physical status. Information pertaining to the procedure itself included the anesthesia type (either [1] general or [2] neuraxial or regional), the year the procedure was performed, involvement by residents or CRNAs, and the anesthesia duration. Facility-related characteristics included whether the procedure was performed in a university hospital, a large community hospital with more than 500 beds, a medium community hospital with 100 to 500 beds, a small community hospital with fewer than 100 beds, another type of facility, or a facility that was unclassifiable given the information provided to NACOR. Additionally, we recorded the region of the United States where each NACOR anesthesia case occurred (Northeast, Midwest, South, or West).
Statistical analyses
We used descriptive statistics to identify differences based on board certification status. For categorical variables (e.g., gender, anesthesia type), we presented frequencies and proportions; for continuous variables with a skewed distribution (e.g., age, ASA physical status), we presented the median and interquartile ranges (Q1; Q3). Estimated differences in the characteristics described above by board certification status were evaluated by the Pearson chisquare test or t test as appropriate.
We employed multinomial logistic regression to determine whether board certification of providers was associated with general, neuraxial or regional, or missing anesthesia type, while controlling for additional factors (patient age, patient gender, ASA physical status, year, duration of anesthesia, whether residents were present, whether CRNAs were present, facility type, and facility region). This model is a variant of the standard logistic regression and produces odds ratios for the relative odds of a predictor variable's association with each category (administration of neuraxial or regional anesthesia or those missing anesthesia type) and the reference category (administration of general anesthesia). Because of the potential concern of clustering of patient outcomes within anesthesiologist-provider, we also performed multivariable generalized estimating equation (GEE) modeling (with correction for clustering by anesthesiologist-provider) using the same variables as specified in the multivariable logistic regression model. Before running the regression models, we diagnosed multicollinearity for all the covariates in the models. Variance inflation factors were all below 10, indicating that all of the covariates were in low degree of collinearity to each other, so no further investigation was needed. We explored likelihood ratio tests in all multinomial logistic regression models. All likelihood ratio score and Wald tests agreed and were significant, indicating that the largesample approximations were working well and the results were trustworthy. We considered P values of < .05 to indicate significance between groups. We used SAS version 9.3 (SAS Institute, Cary, North Carolina) to perform all statistical analyses.
Sensitivity analyses
The records that either lacked board certification status or that listed nonstandard anesthesia techniques were excluded because their inclusion could affect the modeling of the association between relevant covariates and anesthesia technique. To quantify the effect of excluding these records, we conducted a sensitivity analysis. To do this, we compared four alternative regression models with anesthesia technique as the dependent variable. (Contact the authors for full details.) We compared the odds ratios of these models and assessed the influence of different treatments of missing BC status.
Results
We examined 144,922 records of patients undergoing primary TKA (1.4% of the 10,065,800 total NACOR records). After removing cases not managed by an anesthesiologist (n = 19,698), records missing board certification status (n = 19,138), cases lacking other key demographics (n = 7,553), records listing multiple anesthesia types (n = 366), and records listing anesthesia types not under study (n = 659), the study population contained 97,508 cases. Of those 97,508 cases, BC anesthesiologists provided care for 81.7% of patients (n = 79,689), and nBC anesthesiologists provided care for 18.3% of patients (n = 17,819; see Figure 1 ). Table 1 presents patient-related characteristics by board certification status of the physician. We noted statistically significant differences in age and ASA physical status among patients cared for by BC and nBC anesthesiologists. In addition, we found that BC anesthesiologists administered neuraxial or regional anesthesia (41.4% of the cases) more frequently than they administered general anesthesia (35.5% of the cases; see Table 2 ). In contrast, nBC anesthesiologists used general anesthesia (62.2% of the cases) more frequently than they did neuraxial or regional anesthesia (21.2% of the cases). The distributions of anesthesia type administration for BC and nBC anesthesiologists differed significantly (P < .001).
Compared with nBC cases, a higher proportion of BC cases involved residents (3.2% versus 6.9%; P < .001). However, the opposite was true for cases that involved CRNAs. When compared with nBC cases, a lower proportion of BC cases involved CRNAs (51.4% versus 40.9%; P < .001; see Table 2 ). Additionally, compared with nBC cases, a higher proportion of BC cases were administered by only an attending (52.2% and 45.4%; P < .001; not shown). When at least one resident participated in the procedure, the median duration of anesthesia was significantly longer compared with procedures completed without anesthesiology residents (154 minutes versus 134 minutes, respectively; P < .001; not shown).
Most procedures-by both BC and nBC anesthesiologists-were performed at medium-sized community hospitals. Large community hospitals were the setting for the second greatest percentage of cases; BC anesthesiologists administered more cases in these hospitals than did nBC anesthesiologists (respectively, 24.1% versus 8.8%; P < .001; see Table 3 ). TKA cases for both BC and nBC anesthesiologists were most often performed in the Midwest (BC: 39.1%; nBC: 32.1%; P < .001; see Table 3 ).
Logistic regression results
The multinomial logistic regression modeling conducted to identify whether board certification status was associated with anesthetic technique showed that, indeed, BC physicians had increased odds of administering neuraxial or regional anesthesia (odds ratio: 2.06; confidence intervals: 1.97, 2.17; P < .0001) relative to general anesthesia (see Table 4 ). GEE analysis did not alter the significance of the board certification status finding (P < .0001). Because all of the findings from the GEE model were consistent with the standard logistic regression model, with only negligible differences in the standard error estimates of the adjusted odds ratios, we have reported only the logistic regression results.
Sensitivity analyses
The four logistic regression models we performed with variegated treatment of missing values for our sensitivity analyses confirm that the exclusion of certain records (see Method) yielded similar results and identical conclusions for variables of interest (results not shown).
Discussion
Through our analysis of data from a large national anesthesia database, we identified several significant characteristics that differentiated the practice of BC and nBC anesthesiologists. Differences exist in both the demographics of the patients treated and the choice of anesthetic technique.
A previous finding of variability in anesthetic care in TKA 33 required further investigation with a focus on board certification status, and we have presented those findings here. We found that BC anesthesiologists more often chose neuraxial or regional anesthesia for patients having TKA surgery compared with nBC anesthesiologists; however, this association was slightly lower than that found in the previous study (neuraxial versus general [odds ratio: 3.44; confidence interval: 3.30, 3.59; P < .001]; regional versus general [odds ratio: 2.43; confidence interval: 2.29, 2.58; P < .001]). 33 The implications of anesthesia technique are highly relevant considering current developments in TKA-focused anesthesia research. As noted in the Introduction, Memtsoudis and colleagues 28, 31 have demonstrated that the use of neuraxial anesthesia, as opposed to general anesthesia, for TKAs is associated with a significant decrease in 30-day mortality as well as lower incidence of prolonged length of stay and fewer in-hospital complications.
In spite of improved outcomes, 28, 30, 31 the physicians in our study used neuraxial or regional anesthesia techniques less frequently than expected. Only 41% of BC anesthesiologists chose either a neuraxial or regional anesthetic for TKA (and only 21% of nBC anesthesiologists chose this technique). The low use of neuraxial or regional anesthesia may be attributed to a few factors. The acceptance of these anesthesia types for TKAs as an optimal practice pattern has occurred relatively recently, 35 so these techniques may not have been widely disseminated and adopted. Using the diffusion of innovations theory, 36 the centers/anesthesia providers employing regional or neuraxial anesthetic techniques may be functioning as the innovators or early adopters in this diffusion process. The widespread use of these anesthetic techniques hinges on three key elements: communication (through additional studies and dissemination of improved outcomes), time, and the social system (acceptance by organizations and influential leaders in the field). The greater dissemination of regional and neuraxial techniques for TKA, therefore, requires the ongoing education and encouragement of anesthesiologists in practice and in training.
We also found that, compared with their BC colleagues, nBC anesthesiologists more frequently treated older patients and patients with higher ASA physical status classification. Individuals older than 65 have higher rates of adverse perioperative events [37] [38] [39] [40] [41] [42] [43] ; likewise, patients with higher ASA physical status classification are also at an increased risk of experiencing postoperative complications. [44] [45] [46] [47] (This study was not intended to analyze patient outcomes, and this information is not consistently included in the NACOR database.)
A secondary finding of this study is the difference in duration of anesthesia for TKA between BC (135 minutes) and nBC anesthesiologists (138 minutes). This difference is minimal, but the duration of anesthesia for the BC anesthesiologists may be inflated because these physicians more frequently work with residents; however, this potential cause is speculative, and the implications of this finding related to outcomes remain to be studied.
An incidental outcome
In addition to deriving descriptive statistics from the data, we also have highlighted the advantages and limitations of these databases. 48 The AQI database was specifically designed to collect extensive information pertaining to anesthesia including providerspecific information. This database contains survey data from anesthesia providers throughout the United States; submissions come from providers at both large and small hospitals, as well as from academic and private practice settings. This diversity enables a cross-sectional perspective on national anesthesia practice patterns and makes the AQI database ideal for descriptive statistics of practice patterns.
Limitations
This study has identified differences in practice patterns between BC and nBC providers; however, despite our examination of many anesthesiologist demographics, practice characteristics, and patient demographics, the reasons for these differences have not been elucidated. Additionally, given the recent evidence demonstrating improved outcomes with the use of neuraxial or regional anesthesia for TKAs relative to general anesthesia, [28] [29] [30] [31] it is unclear why anesthesiologistswhether BC or nBC-do not use these techniques more frequently. Importantly, these findings may not incorporate recommended practice patterns because of the years of the data analyzed during this investigation. Because publications demonstrating improved outcomes were disseminated toward the end of the study period, an investigation of more recent data may yield different results. Additional study is necessary to better understand the reason for these practice patterns.
The main limitation of this investigation is inherent to the study of information contained in a database. Use of a database allows for only secondary, retrospective analysis of data. Secondly, the AQI database has certain specific limitations. While providing the benefit of collecting data from diverse facilities and providers, a disadvantage is that the data are marked by a range of entry patterns. The same information may be entered differently by small and large hospitals. Data entry errors or miscoding may lead to the misclassification of some records. This miscoding, though, is likely to affect the groups of BC and nBC anesthesiologists similarly, and is therefore likely to have minimal effect on the overall findings. Furthermore, larger facilities that store more of their patient information electronically tend to submit information for more fields per case than smaller facilities. The lack of uniform entry procedures leads to a large amount of missing data, making it difficult to draw conclusions from many of the entered variables. For example, although the NACOR database of AQI currently allows facilities to enter outcomes-related Category Neuraxial or regional anesthesia, odds ratio (95% confidence interval) Missing anesthesia type, odds ratio (95% confidence interval) information, the information may be entered in a number of different formats, preventing study of perioperative or postoperative outcomes. Finally, AQI data lack information related to the surgical team and surgical resident involved in the procedure, making it difficult to fully interpret potential differences in anesthesia time between groups.
Conclusions
In summary, to our knowledge, this study is the first to investigate the association between anesthesiologist board certification and anesthesia practice patterns in TKA surgeries. We found that compared with nBC anesthesiologists, BC anesthesiologists used either a regional or neuraxial anesthetic more often as the anesthetic for TKA. The association was slightly lower than previously identified, 33 but the effect was still significant. In light of the increase in the number of TKAs performed annually in the United States, and given the desire to improve anesthetic management for this particular surgery and, in turn, patient outcomes, further investigation is necessary. Ultimately, database analyses such as this can identify areas of need for further education for anesthesiologists.
